The effect of sensory input on the performance of a geographical orientation task of children at two different ages (kindergartners and fourth graders) and adults was determined. I investigated the ability of subjects to point accurately to the starting position after experiencing identical routes under three sensory conditions. In Condition 1, subjects were led walking through routes and could see the walls and ceiling of the test room (visual, somatosensory, and vestibular information). In Condition 2, subjects were led walking with vision occluded (somatosensory and vestibular information). In Condition 3, subjects were pushed in a wheelchair with vision occluded (primarily vestibular information). As more sensory information was available, subjects maintained their orientation better to their starting position, and accuracy improved with age. This quantitative analysis of geographical orientation may be appropriate for future clinical studies of neurologically impaired adults and children.
Neurologically impaired children and adults may display a wide variety of spatial deficits.
1.2 Disorders of personal space, such as position, orientation, and naming of body parts, occur more frequently with left than with right hemisphere damage; disorders of extrapersonal space, such as constructional deficits, disorders of topographical orientation, neglect of the side contralateral to the lesion, and dressing apraxia, generally occur more frequently with right than with left hemisphere damage. 2 Precise relationships among spatial deficits and locations of damage in the central nervous system are unclear because researchers do not agree on criteria and terminology regarding spatial tasks. Progress in understanding factors limiting spatial performance will be achieved only if these disorders are more precisely defined and distinguished. 2 The purpose of this study was 1) to devise a method for studying geographical orientation because a disorder of extrapersonal space affects orientation in the larger environment through which a person moves and 2) to understand better the contribution of sensory information to geographical orientation. I investigated the ability of healthy children and adults to point to the starting position after moving through identical routes during varying sensory conditions.
Although physical therapists traditionally have been responsible for assessing and treating motor functions, spatial orientation abilities should be considered in a variety of disorders. Conceptual and visuospatial disorders have been associated with unfavorable outcomes after cerebrovascular accidents. 3 The initial symptoms of one stroke patient, for example, included an inability to find his way in and around the house he had lived in for over 15 years. 4 Two years after his stroke, this patient still could not return home from a distance of a few hundred yards. Mentally retarded children may demonstrate spatial difficulties, such as finding their way, and girls with Turner's syndrome, a genetic anomaly, are reported to have selective deficits in spatial abilities even though their intellectual abilities are normal. 5 Geographical orientation abilities generally fall into two classes. 6 One type requires a person to maintain a sense of direction while moving in the environment. A second type, such as interpreting a map, requires a more specific knowledge base. This study was designed to provide information regarding the first type of geographical orientation, which can also be described as the process of "updating" spatial relations between objects and an observer whose position in relation to those objects changes as he moves through space. 5 Spatial updating in normally developing infants younger than 12 months is accomplished by encoding the position of an event in relation to their own bodies; this technique is described as "egocentric" updating. 7 In contrast, toddlers can relate their own movements to knowledge of single target locations, and this ability becomes more precise in school-age children. 5, 8 Changes in independent locomotion and environmental experiences, 5 and the role of the right hippocampus in the generation of an intuitive, nonverbal spatial representation have been discussed in relation to developmental changes in spatial abilities. 9 The role of sensory input in geographical orientation is not well understood. For example, tactile and visual spatial deficits generally are considered to occur together. 2 Researchers do not know, however, if a supramodal processor handles spatial information or if, in this instance, the two modality-specific processors are so close that they are usually damaged together. At a sensory level, a number of inputs may provide information relevant to geographical orientation, including vestibular, somatosensory (body proprioception and tactile), visual, olfactory, and auditory. Vision has been proposed as the most important sensory input for geographical orientation, 6 although the roles of vestibular and kinesthetic inputs may This article was submitted August 2, 1984 ; was with the author for revision 12 weeks; and was accepted May 6, 1985. have been underestimated. 10, 11 From a developmental perspective, Rieser has suggested that infants initially guide their search for a target by using gravity as a reference (vestibular), followed by using visual landmarks, and finally by keeping track of the effects of self-movement on their spatial relations to a target. 7 When subjects can see the environment as they move, updating can be done perceptually. 5 When all the spatial relationships cannot be seen, the updating must be done mentally. When Hardwick et al asked young children to imagine moving from one place to another and then to point at targets, the children often aimed at the targets from their actual location rather than from the imagined one (egocentric response). 12 In a study reported by Pick and Rieser, adult subjects stood and pointed first to objects they could see and then stood blindfolded and imagined they were in different locations before pointing to the objects. 5 Responses were slow and inaccurate, and subjects reported that the task was difficult. If the researcher walked the blindfolded subjects to each novel station, the pointing task became easier, and response speed and accuracy improved.
Research with brain-damaged adults has demonstrated that difficulties with locomotor route-finding tasks (subject maintains orientation while changing position with respect to the environment) can be associated with lesions of either the left or right hemisphere 13 or with bilateral lesions. 14 Ratcliff suggested that human data are consistent with the hypothesis that topographical orientation can be accomplished by either of two strategies, one mediated in the right hemisphere and the other in the left hemisphere. 2 Poor performance on similar route-finding tasks has also been documented in brain-injured children. 15, 16 A study of the influence of sensory input on performance of a geographical orientation task assessed the ability of brain-injured adults to follow routes represented on maps perceived visually or tactually. 17 The performance of adults with parietal lobe lesions was poorer than that of subjects with other brain injuries and was not modality specific. In other words, if spatial disorientation existed, it was present regardless of the sensory mode.
The influence of vestibular input on geographical orientation has been investigated in hearing-impaired subjects with and without normal vestibular functioning. 10 . 18 Worchel had blindfolded subjects walk unaided to starting points after they were led along two equal sides or along the hypotenuse of a series of isosceles right triangles. 10 Beritoff blindfolded nonhearing-impaired and deaf children and led them walking or pushed them in a chair through paths. 18 If shown a design visually, all of the children could replicate it while walking blindfolded. The deaf children with poor vestibular functioning, however, could not retrace a route that they had followed either by being led or pushed in a chair while they were blindfolded. Beritoff concluded this inability was due to lack of a spatial image of the trajectory normally made possible by vestibular information.
Worchel found that deaf subjects with vestibular deficits did better on one of the spatial tasks than subjects who were considered to have adequate vestibular function. 10 Although the relationship of nystagmus testing results, static balance skills, and vestibular function is not clear in deaf children, 19 other methodological factors could account for differences in performance on geographical orientation tasks. For example, the method of blindfolding subjects usually is not described, but a simple mask or scarf is not sufficient to be confident that visual cues are eliminated. In Worchel's study, ability to estimate distance and cognitive geometric knowlege, rather than differences in the ability to process sensory information, may have been the crucial factor. 10 Comparing studies of geographical orientation in neurologically impaired subjects is difficult because of the different methods and varying task demands used. Many of the studies required subjects to walk to replicate or finish a route, which necessitated a certain level of motor and balance skills and motor planning. 10. 13-18 Memory and cognitive demands varied as subjects in some studies were allowed to view or touch the route as they attempted to replicate it, [13] [14] [15] [16] [17] but other tasks required memory of the entire spatial trajectory. 10, 18 Thomson demonstrated in nonimpaired adults that the critical interval for accurate nonvisual locomotor guidance is eight seconds before loss of information in short-term memory. 20 Performance on geographical orientation tasks is also a function of age, 5 but quantitative differences in performance under the varying sensory conditions in this study have not been described for nonimpaired children.
Determining performance on geographic orientation tasks is important for describing normal processes and for devising diagnostic and intervention strategies. Poor performance on spatial tasks can be due to deficits in visual perception and memory or difficulty in performing the required response-usually constructional. Spatial tasks that eliminate or minimize these variables have generally not been used to assess disorders of spatial thought. 21 Foreman et al suggested that "place learning," which involves locomotion within a test environment, has been studied in nonhumans, but "remains virtually unexplored in man." 9 The purpose of this study was to devise a quantitative method, with simplified memory and motor demands, for studying geographical orientation and to acquire normative data for children and adults on the task in three sensory conditions. I hypothesized that performance would improve as more sensory information was available to subjects and that performance would improve with age.
METHOD Subjects
The study design called for three different age groups composed of both sexes: kindergarten children, fourthgrade children, and adults. Twenty-one kindergarten children (11 boys, 10 girls) and 21 fourth-grade children (9 boys, 12 girls) from a local elementary school were selected randomly for the study after their parents signed informed consent forms. The average age of the kindergarten children was 76 months (s = 4 months) and of the fourth graders, 121 months (s = 3 months). Twenty-one adults (9 men, 12 women), undergraduate and graduate students and staff of the Department of Psychology at the University of Minnesota, volunteered for the study. The average age of the adult subjects was 23 years (s = 5 years). The project met the approval of the University of Minnesota Committee on the Use of Human Subjects.
Sensory Conditions
The study design contained three conditions. In Condition 1, subjects were RESEARCH led walking through routes and could see the walls and ceiling of the test room. In this condition, subjects wore a "head box," which was a cardboard box open at the back and top for ventilation. A semicircular cut was made to fit the neck area, and the edges were covered with foam. Ties secured the box. The box was tilted downward slightly so that subjects could view the walls and ceiling but could not see the grid or canvas on the floor. In Condition 1, subjects had visual, somatosensory, and vestibular information available. In Conditions 2 and 3, subjects wore a blindfold in addition to the head box, which effectively eliminated the opportunity to obtain visual information. In Condition 2, subjects were led walking and had somatosensory and vestibular information available. In Condition 3, subjects were pushed in a wheelchair and had primarily vestibular information available, although some somatosensory information was available from tactile input and body sway related to movement of the wheelchair. All subjects had access to similar auditory cues (eg, footsteps) in each condition. Identical routes were administered in each condition, and at the end of each route, subjects were asked to point to the starting position.
Routes
I used a 20-ft (6.1-m) square canvas on which a 12-ft (3.7-m) square grid consisting of nine circles had been drawn (Fig. 1) . Each circle on the canvas was divided into 360 one-degree segments. I used three routes that required pointing responses of 45, 60, and 90 degrees in relation to the midline of the body (ie, center of circle) (Fig. 2) . Results of a previous reliability study suggested that pointing at an unseen target was consistent enough to be used as a measure of orientation. 22 The most appropriate routes were determined from pilot studies, and consistency of pointing at the perceived starting place was determined for three routes similar to the ones used in this study. Data analyses of pilot data indicated that children were relatively consistent in their performance on routes A and B. The third route, C, was more difficult and performance was more variable, but I selected it because this route seemed more discriminatory for making comparisons of adults' performance. At the end of each route, subjects were stopped in the middle of a circle and asked to point to the starting place. I placed a rod vertically from the subject's finger and recorded the pointing angle from the circular pattern on the floor.
Order of Conditions
The three routes were randomly administered in the following order of conditions for approximately one half (32) of the male and female subjects in each age group: 1, 2, 3, 2, 3, 1 and in the following order for the remaining subjects (31): 1, 3, 2, 3, 2, 1. Each route (A, B, C) was therefore administered twice in each condition for a total of 18 routes. Condition 1 was administered first to provide additional practice, to ensure the subject understood the task, and to serve as a control condition. Condition 1 was also administered last to check that fatigue did not have an effect on performance. Conditions 2 and 3 were counterbalanced to determine order effects and to help maintain attention to the task by frequently altering the sensory information. 
Procedure
Before the study began, the children were allowed to play or ride in the wheelchair to decrease its novelty. All subjects were allowed to view the canvas while the test procedures were explained. Subjects experienced the task under each condition on two routes other than the three chosen for the study, and they received feedback regarding the accuracy of their pointing responses to the starting position. Pilot studies indicated that the geographical orientation task was difficult and that information to subjects regarding the canvas and grid did not produce errorfree performance, which would prevent comparisons among groups. I tried to set the walking pace and to push the wheelchair at a similar rate (about 1.5-2 ft or 20-46 cm a sec) so speed of movement and time elapsed were similar for identical patterns within the three conditions. While each route was administered, subjects were given verbal instructions consisting of "forward," "stop and turn," and "stop and point to where you started from." A short (1-2 minute) break was given between each set of six routes.
Kindergarten and fourth-grade subjects were tested in a small auditorium in a local elementary school. The adults were tested in a field house at the University of Minnesota. Both rooms were in quiet locations and environmental sounds were minimal.
Data Analysis
I used the average performance on the two identical routes within each condition as the measure of performance, which resulted in one error score for each route within each condition or nine error scores. Data were first subjected to an analysis of variance (ANOVA) by using a repeated measures design with three grouping factors (sex, age, and order) and one trial factor (condition) with three levels (1,2, and 3). The variable was the total error score for the three routes in Conditions 1, 2, and 3. A separate ANOVA was completed to compare performance on routes A, B, and C. The repeated measures design had one grouping factor (age) and two trial factors (condition and route); each factor had three levels. Newman-Keuls procedure for multiple comparison of means determined significant differences between measures.
----------------

RESULTS
The data with the total error score in each condition as the dependent variable showed no sex effects (F = 1.80; df = 1,51; p = .185) or order effects (F = 1.13; df = 1,51; p = .292). I found a main effect due to age (F = 48.07; df= 2,51; p < .01) and condition (F = 100.59; df= 2,102; p < .01). NewmanKeuls multiple comparison of means indicated no significant difference between the performance of adults and fourth graders, but the kindergarten children performed significantly poorer than the subjects in the other two groups (Tab. 1). For the three groups of subjects, performance in Condition 1 -was best, followed by performance in Condition 2; the poorest performance was in Condition 3.
Kindergarten children performed significantly poorer in Condition 1 in comparison with fourth graders and adults (F = 3.30; df= 4,102; p = .014), and the performance of kindergartners, fourth graders, and adults in Conditions 2 and 3 showed a significant difference (p < .05) (Fig. 3) .
As expected, route A tended to be the easiest, followed by route B, and the most difficult route was C (F = 47.93; df = 2,60; p < .01). Newman-Keuls comparison of means, however, indicated that differences in performance between routes A and B were not significant. Route A results differentiated adults' performance from the performance of other subjects but did not differentiate between kindergartners and fourth graders (F= 5.03; df = 4,120; p = .001). Route B results differentiated kindergartners' performance from that of other subjects but did not differentiate between adults and fourth graders. Route C results differentiated well among all three groups of subjects. Means and standard deviations of error scores on each route are listed in Table  2 .
DISCUSSION
Analyses of error scores support the hypotheses that performance will improve with age and that, as sensory information is deleted in the geographical orientation task, the task becomes more difficult. The performance of each group of subjects was poorer and increased in variability from Condition 1 to Condition 2 to Condition 3. Therefore, the inability of patients with neurologic deficits to receive or process sensory information may, theoretically, have an adverse effect on geographical orientation. Although the best performance occurred when vision was available, subjects were still able to use other sensory input to update their position. The development of strategies for using nonvisual sensory input for orientation is essential to the function of visually impaired or blind individuals and may also be important for some patients with neurologic disorders.
Condition 1 provided the most sensory information, but optimal performance in Condition 1 may have also occurred because individuals rely on visual cues for orientation in everyday tasks, and the availability of vision in Condition 1, therefore, provided more familiar cues. Although subjects had visual information in Condition 1, walking with an open box over the head provided unusual visual information or at least aspects of visual information that may not be the most salient in everyday situations. In this respect, the visual information in Condition 1 may not be considered familiar.
Another consideration is the active versus passive nature of the task in the three conditions. Conditions 1 and 2 could be considered active because of voluntary movement of the subjects' bodies. Held and Hein suggested that motor elements, along with sensory components, are essential in the development of normal sensory motor control in the young, in maintenance of that control, and in adaptation to changes in sensory information. 23, 24 In the study reported by Pick and Rieser, physical movement, as opposed to mental reorientation alone, appeared to improve subjects' abilities to update their positions relative to the spatial layout. 5 The passive nature of the task may have contributed to the poorest performance in Condition 3. It could be argued, how- ever, that although the movement in Condition 3 was not planned by the subjects, it still resulted in movement through space versus tasks that require subjects mentally to transform their spatial relations to target positions or objects. An argument could also be made that all three conditions in this study were passive because subjects were led or pushed through routes rather than exploring the routes independently. Active (independent) exploration is assumed to facilitate performance on spatial orientation tasks because of the increased attention to the task. 25 Subjects' attention to the task did not appear significantly different in any of the conditions in this study. In fact, adults appeared to concentrate more in Condition 3, but their increased attention did not prevent poorer performance than in the other two conditions.
Compared with the adult subjects, children performed more poorly in Conditions 2 and 3. Being blindfolded may be more disturbing for children and, therefore, may make the task more difficult. Many of the adults, however, commented on how "strange" the task felt in Conditions 2 and 3, and a few adults mentioned that being blindfolded made them uncomfortable. More children, in contrast, thought the tasks in Conditions 2 and 3 were fun and equated them to games of "pin the tail on the donkey" or "blind man's bluff."
Developmental differences in various tasks are not unusual. What is interesting is that adults and fourth graders showed no difference in performance when visual cues were available; yet, performance was poorer for fourth graders when vision was occluded. I assumed that sensory information for the three groups of subjects was not different in any way but that differences in performance reflected differences in how that sensory information was used. In this instance, somatosensory and vestibular information did not appear to be used as efficiently for updating position.
In Condition 1, the adults and fourth graders performed equally well on all three routes. The routes were not too easy for both groups, but, rather, performance was quite good because of visual cues. The differences in accuracy of pointing at unseen targets shown in the pilot study between the two, younger age groups did not totally account for the kindergartners' relatively poorer per- formance when visual information was available.
The inability of the kindergarten children to use the visual information in Condition 1 as effectively as the fourthgrade children may relate to central nervous system structures underlying spatial orientation processes. One hypothesis is that the basal ganglia may be necessary for egocentric localization, which requires updating a target position after movement. 26 Strategies mediated by the basal ganglia appear to be largely nonvisual. Potegal conjectured that an early predominance of egocentric strategies in human development may reflect the influence of the basal ganglia, and in later development, other, probably cortical, structures allow for alternative spatial strategies. 26 Another possibility is that performance on tests that require integration of visual, vestibular, and somatosensory input may be related to maturation of the parietal lobe. 5 Developmental differences in organizing sensory information are supported by data from studies involving conflicting visual, somatosensory, and vestibular stimuli. 27 Forssberg and Nashner suggested that the systems "re-. sponsible for reorganizing sensory inputs to posture within altered sensory environments were relatively underdeveloped in children below 7.5 years." 27 Although Condition 1 was included in this study primarily to serve as a baseline condition for comparing performance in the two blindfolded conditions, performance in Condition 1 could be analyzed in future studies to determine what role attention, memory, sensory information, experience with the task, and other factors have on the performance of children at various ages.
The differences in performance in relation to the type of route illustrate the importance in future investigations of studying and selecting appropriate routes. Route C may have been the most difficult, for example, because it was the longest route, had two different angles, and required left versus right turns. A subject pointing with the right hand also had to cross the midline of the body.
One confounding aspect of the task was the subject's estimation of length or distance traveled versus the angle turned. The purpose of this study was to determine the effect of varying sensory information on a global task of spatial orientation involving both distance and angle judgments. Analyzing the type of errors involved in performance, however, might be useful for studying both healthy individuals and subjects with varying types of neurological dysfunction. For example, I would hypothesize that, in vestibular-defective subjects, errors related to distance (linear acceleration and deceleration) would correlate with dysfunction of the otolith system, and errors related to angles (angular acceleration and deceleration) would be related to disorders of the semicircular canals.
Previous locomotor route-finding studies appeared to require the formation of a mental trajectory of the route. In this study, none of the subjects spontaneously commented that they were repeating routes, even though each of the three routes was repeated six times. When discussing the tasks after participation in the study, subjects expressed surprise that they had repeated identical routes. I believe that subjects used a strategy of continually updating their position relative to the starting place as they moved through each route. Some of the children tried to keep their finger pointed at the starting place as they traversed the routes. When using this strategy, subjects apparently had no need to form a mental, spatial trajectory of the entire route, and continual updating would simplify memory and cognitive demands of the task. Pointing at a target position immediately after administration of each route, instead of walking a spatial trajectory, simplified the motor requirements of the task and was less likely to result in errors from loss of information in short-term memory.
In a subject with possible deficits in memory, attention, or motor abilities, a pretest could be administered in which the subject would be asked to view a target, close his eyes for the same length of time as the longest route, and point (with eyes still closed) at the target. Accurate pointing would decrease the probability that memory, attentional, or motor factors accounted for subsequent errors in performance. If this test of geographical orientation is adapted for clinical use, equipment needs could be minimal. After administration of predetermined routes, the subject could be stopped each time in the middle of one circular grid taped to the floor. Quantitative measurements of pointing error could then be made. The size of the circular grid could be varied to accommodate subjects who would stand to point at the starting place or subjects who would remain seated, for example, in a wheelchair. The motor response needed to participate in the task also could be varied from pointing with one's finger, to moving an arrow with a dial, to verbally estimating direction, angle, and distance from the starting place. Even minor changes in the task, however, may result in major changes in the strategies needed for optimum performance. Verbal estimation of angle, direction, and distance, for example, may be necessary for handicapped subjects who cannot physically indicate a target, but such a response would involve the cognitive knowledge and judgment of measurement systems not required by the task reported in this study.
Impaired appreciation or retention of the sensory information required by the task (ie, visual, vestibular, and somatosensory) should be assessed in patients to separate specific sensory deficits from higher level CNS disorders of spatial thought. 21 If the spatial abilities of patients with varying neurological conditions can be analytically diagnosed, training techniques to remediate specific deficiencies may then be designed. 5 
SUMMARY
The purpose of this study was to describe a method for obtaining quantitative information regarding the role of sensory information on a task of geographical orientation. I investigated the ability of subjects at three different ages to point accurately to the starting position after experiencing identical routes under three sensory conditions. Data analyses indicated that with increasing sensory information and increasing age, performance on the geographical orientation task improved. Active versus passive aspects of the task and maturation of the CNS were discussed in relation to the performance of the three groups of subjects. I believe the geographical orientation task described in this study is well suited for studying the role of sensory input and does not place complex memory, cognitive, or motor demands on the subject. Physical therapists may adapt this task to the study of spatial orientation abilities in patients with developmental or neurological deficits. When analytical diagnoses of spatial abilities are possible, therapeutic intervention to remediate specific deficiencies may be attempted.
